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Objective

To define the incidence and manifestations of and optimal
therapy for children with intravascular extension of Wilms
tumor.

Methods

Children on a collaborative study of Wilms tumor who had
intravascular extension into the inferior vena cava (IVC) or
atrium were identified. Surgical checklists and surgical and
pathology reports were reviewed.

Results

One hundred sixty-five of 2,731 patients had intravascular
extension of Wilms tumor. The level of extension was IVC in
134 and atrium in 31. Sixty-nine had received preoperative
therapy (55 with IVC extension and 14 with atrial extension)
for a median of 8 weeks. Complications during preopera-
tive chemotherapy were seen in five patients (tumor embo-
lism and tumor progression in one each, and three with
adult respiratory distress syndrome, one of which was fa-
tal). The intravascular extension of the tumor regressed in

39 of 49 children with comparable pre- and posttherapy
radiographic studies, including 7 of 12 in whom the tumor
regressed from an atrial location, thus obviating the need
for cardiopulmonary bypass. Surgical complications oc-
curred in 36.7% of the children in the atrial group and
17.2% in the IVC group. The frequency of surgical compli-
cations was 26% in the primary resection group versus
18.2% in children with preoperative therapy. When all the
complications of therapy were considered, including those
that occurred during the interval of preoperative chemo-
therapy (one of the five also had a surgical complication),
the incidence of complications among those receiving pre-
operative therapy was not statistically different from the
incidence among those who underwent primary resection.
The difference in 3-year relapse-free survival (76.9% for
165 patients with intravascular extension, 80.3% for 1,622
patients with no extension) was not statistically significant
whether or not it was adjusted for stage and histology.

Conclusions

Preoperative treatment of these children may facilitate resec-
tion by decreasing the extent of the tumor thrombus, but the
overall frequency of complications is similar in both groups.

Most cases of Wilms tumor, the most common renahowever, a few children with advanced local disease or
tumor in infants and children, can be cured by currenparticularly aggressive tumors that fail to respond to current
multimodal therapy. The 2-year relapse-free survival rate aherapies. Intravascular extension of Wilms tumor, reported
children in the fourth study of the National Wilms Tumor to occur in 4.1% of patients on NWTS-3, has been associ-
Study Group (NWTS-4) exceeded 91%There remain, ated with an increased incidence of surgical complica-
tions®~* Prior reports have suggested that preoperative
treatment of children with intravascular extension may be of
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METHODS echocardiography (16 children), magnetic resonance imag-
ing (13 children), and vena cavography (5 children).
Sixty-nine of these children had preoperative therapy (55
with IVC extension and 14 with atrial extension) for a
a1edian of 8.0 weeks (interquartile range 6.0-10.0). No
ifference in the extent of the vascular extension could be
tected between children receiving initial chemotherapy
and those with primary resection: the proportion between
trial and IVC extension was comparable between the two
roups. Pretreatment biopsy was incisional (33 children),
ercutaneous (21 children), or of unknown type (6 chil-
ren). Nine children were treated without an initial biopsy.
wenty-two children received two agents (dactinomycin
nd vincristine), 45 received three agents (dactinomycin,
incristine, and doxorubicin), and two received four agents
dactinomycin, vincristine, doxorubicin, and cyclophospha-
ide). In only two children was the regimen changed be-
cause of poor tumor response: doxorubicin was added to
initial two-drug therapy in one child, and a change was
Statistical Analysis made from initial three-drug therapy to ifosfamide and
etoposide in the second. Radiotherapy was administered
Percentages of patients remaining alive or alive and conpefore resection in five patients (1,200 cGy in four and
tinuously free of disease at 3 years from diagnosis werg 050 cGy in the fifth). Complications during preoperative
estimated using actuarial techniques. Relapse-free survivghemotherapy were seen in five children: one tumor embo-
rates for patients with and without intravascular extensionism, one case of tumor progression, and three cases of acute
were compared using the log-rank test. Only survival infor-respiratory distress syndrome (one of which was fatal).
mation was available for historical comparisons. Regression of the intravascular extension of the tumor was
The relationship between the use of preoperative chemqjocumented in 39 of 49 children with comparable pre- and
therapy, the tumor site (right vs. left kidney), and compli- posttherapy studies, including 7 of 12 in whom the tumor
cation rates was examined by computation of the odds ratigegressed from an atrial location, thus obviating the need for
and the Fisher exact test. Subgroup analyses were pegardiopulmonary bypass.
formed to examine the relationship between the use of gyrgical resection was performed in 164 children. One
preoperative therapy and complication rates separately fq§atient died of acute respiratory distress syndrome during
patients who did or did not have atrial extension. The Ordebreoperative therapy. Ninety-six patients underwent tumor
of treatment was not randomized, and if a bias occurred, itesections before receiving any adjuvant therapy (79 with
would be expected that it would be to treat the larger lesiongyc extension and 17 with atrial extension), and cardiopul-

Children treated on NWTS-4 who had intravascular ex-
tension into the inferior vena cava (IVC) and in some from
the IVC into the atrium were identified. The surgical check-
lists and surgical and pathology reports were reviewed an
the pertinent data were abstracted. Patients were stag
according to the criteria of NWTS-4. Patients in whom the
entire thrombus was removed without adhesions to th
vessel wall were classified as stage 2 unless they had ad
tional findings compatible with stage 3 disease (lymph nod
involvement, residual nonhematogenous tumor confined t
the abdomen, or diffuse peritoneal soilage during resection)r
For patients who received initial chemotherapy, the evalu-
ation of the intravascular extension of the tumor was basea
on their pretherapy imaging studies; those with initial sur-
gical resection had the extent of intravascular extensio
based on the findings at surgery.

with preoperative chemotherapy. monary bypass was used in 19 of the 96 (19.8%). Fourteen
of the 19 had atrial extension and five had only IVC exten-
RESULTS sion. In two patients cardiopulmonary bypass was used for

removal of the thrombus, and several days later (4 and 6

There were 2,731 evaluable patients with central patholdays) the nephrectomy was performed. Cardiopulmonary
ogy review and diagnosis of Wilms tumor enrolled on thebypass was used in only nine of the preoperative therapy
randomized or followed portions of NWTS-4 between July patients, five with atrial extension and four with caval
1986 and August 1995. Intravascular extension was identiextension.
fied by pretherapy imaging or at surgery in 165 patients Resection of the tumor in the 164 children included
(6.0%). The level of extension was the IVC in 134 and theinfrahepatic caval occlusion in 82 and suprahepatic occlu-
atrium in 31. Symptoms that might have been related to thaion in 21. An intraoperative bypass shunt was not used in
intravascular extension were identified in six patients andany patient. In 120 patients all gross intravascular neoplastic
included hepatomegaly in three (two with ascites), dilatedissue was removed. It was adherent to the vessel wall in 75
abdominal wall venous collaterals in two, and a varicocelg43.7% incidence in the primary surgery group and 61.7%
in one. Various radiographic studies were used to define thi the preoperative therapy group,= .04). Eight children
intravascular extension in these children, but they were notequired vascular resection of a portion of the caval wall,
uniformly obtained in all patients, making comparisons ofand in two a graft replacement for part of the wall was used.
the sensitivity and specificity of the methods difficult. Stud- En bloc resection of the tumor and thrombus was achieved
ies showing intravascular extension included computed toin only 55 patients. In 18 the intravascular extension of the
mography (66 children), ultrasonography (56 children),tumor was not resected. Nine of these patients had received
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Table 1. COMPLICATIONS BY EXTENT OF INTRAVASCULAR EXTENSION OR TIMING OF

RESECTION
Initial Preoperative
Type of Complication IvC Atrium Surgery Therapy
Extensive intraoperative hemorrhage (>50 mlL/kg) 8 7 9 6
Bowel obstruction 13 2 11 4
Tumor embolus 1 0 1 0
Other* 3 4 7 0
Symptomatic IVC obstruction 0 1 1 0
Complications during preoperative therapy 1 4 0 5
Totals 26 18 29 15

IVC, inferior vena cava. Multiple complications are listed if present in a patients.
* Other compilications for IVC patients were acute respiratory distress syndrome, wound dehiscence, and aortic thrombosis with paraparesis; for the atrial extension
patients they included hepatic vein injury, cerebral ischemia with postoperative seizure disorder, pancreatitis, and postpericardiotomy syndrome. All occurred in the

primary surgery group.

preoperative therapy. In all patients but one viable tumoi(26.0%) children with initial surgical resection and in 9 of
was found at resection. Despite leaving tumor behind, onl\68 (13.2%) with preoperative chemotherapy (see Table 1).
two children had relapse, one local and one distant. This difference was at the margins of statistical significance

The caval or atrial thrombus was examined in 117 pa{P = .053). However, when the five complications that
tients. Viable tumor was noted in 97; totally necrotic tumor occurred during the interval of preoperative chemotherapy
only or fibrosis was found in 17. Two had no evidence ofwere included to assess all complications of therapy, the
tumor, and in one child the findings were not noted. Whendifference between 26% (25/96) for those with preoperative
considered by timing of resection, the tumor was viabletherapy versus 18.8% (13/69) for those with primary resec-
when examined in all 75 children with initial resection. tion was no longer significant (odds ratio 0.686,= .35).
With preoperative therapy, viable tumor was seen in 22 ofSubgroup analysis showed that use of preoperative therapy
the 42 patients examined (52.4%), and 17 children (40.4%lid not significantly decrease the frequency of complica-
had only necrotic or fibrotic tumor. Tumor was not seen ortions for either the IVC group (odds ratio 0.53, 95% confi-
was not noted in the remaining three patients. dence interval 0.20-1.3®, = .20) or the atrial group (odds

Surgical complications occurred in 23 of 134 patientsratio 0.84, 95% confidence interval 0.20-3.25~= .82).
(17.2%) with IVC extension and in 11 of 30 (36.7%) pa- The only death occurred in a patient receiving preoperative
tients with atrial extensionR = .025). The complications therapy. The other major complications occurred in the
are shown in Table 1. Postoperative IVC occlusion wasprimary resection group (wound dehiscence, aortic throm-
identified by radiographic study in 14 patients (6 with bosis with paraparesis, and cerebral ischemia with a post-
primary resection and 8 with preoperative therapy), but itoperative seizure disorder).
was symptomatic in only 1 child, who had pitting edema of Preoperative tumor rupture was noted in seven patients
the lower extremities that spontaneously resolved. Thergvith IVC extension. Local spill occurred in 65 patients with
were no cases of cardiac arrest, extensive postoperatiu®’C extension and 17 with atrial extension, and diffuse spill
hemorrhage, or death. occurred in 12 and 7 children, respectively.

The frequency of complications was analyzed by the The histologic subtypes of the Wilms tumor and the
timing of surgery. Complications occurred in 25 of 96 incidence of intravascular extension are shown in Table 2.

Table 2. HISTOLOGIC SUBTYPE VERSUS INCIDENCE OF INTRAVASCULAR EXTENSION

Histologic No Intravascular Intravascular Percent of Subgroup
Subtype Extension (%) Extension (%) With Extension
Favorable 1,372 (87.5) 140 (92.1) 9.3
Focal anaplasia 33 (2.1) 2(1.3) 5.7
Diffuse anaplasia 118 (7.5) 7 (4.6) 5.6
Clear cell sarcoma 45 (2.9) 3(2.0) 6.3
Total 1,568 152 8.8

There were 66 patients with unknown histologic subtype.
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Table 3. THREE-YEAR RELAPSE-FREE SURVIVAL (CENSORING TOXIC DEATHS) BY
INCIDENCE OF INTRAVASCULAR EXTENSION

Variable Number Observed events Expected events 3-year-RFS
No vascular extension 1,622 311 316.3 80.3
Intravascular extension 163 37 31.7 76.9

Log-rank P value .32

The frequency among patients with unfavorable histologymake it possible to identify before surgery most if not all
was no greater than in patients with favorable histoldgy ( patients who have intravascular tumor extension. Magnetic
= .12). Outcome of treatment for patients with intravascularesonance imaging can be used to confirm these findings if
extension, all of whom were stage 2 to 4, was comparedheeded and to define further the extent of the tumor exten-
with that of 1,621 patients without intravascular extensionsion. The high incidence (63%) of intraoperative or postop-
who had comparable stage. There was no adverse effect @mative discovery of intravascular extension reported by
the 3-year relapse-free survival rate of these 165 patientakayama et &lin the first three studies of the NWTS can
treated according to current staging criteria based on theow be avoided, along with the associated severe compli-
presence of intravascular extension when considered in agations they reported.

gregate (Table 3 and Fig. 1; log-ra”Rk= .32) or by stage The outcome of children with intravascular extension has
or pathologic subgroup (Table 4). The 3-year survival ratebeen favorable. Ritchey et’akeported an excellent survival
for children with favorable histology was 90%; the rate for rate in the 77 patients with intravascular extension who
those with unfavorable histology was 41.7%. Analyzed bywere treated on NWTS-3 and found no significant differ-
stage, the survival rates were 100%, 94.7%, and 75.3% foence in survival outcomes in comparison with patients with-

stages 2, 3, and 4, respectively. out intravascular extension when patients were matched by
stage and histologic type. The 3-year actuarial survival rate
. . . o
DISCUSSION for children with favorable histology tumors was 86%; for

unfavorable histology tumors, it was 35%. Analyzed by
Intravascular extension must be considered in all childrerstage it was 88%, 89%, and 62% for stages 2, 3, and 4,
with Wilms tumor because it occurs in a small but notrespectively. This survival rate was comparable to that seen
insignificant number of children. It was seen in 4.1% andin NWTS-4, in which the 3-year survival was 90.0% for
6.0% of children treated on NWTS-3 and NWTS-4, respecchildren with favorable histology tumors and 4.17% for
tively.® It is frequently asymptomatic, as was noted in thethose with unfavorable tumors. Analyzed by stage the sur-
review of the NWTS-3 series and confirmed in this study.vival was 100%, 94.7%, and 75.3% for stages 2, 3, and 4,
Current imaging modalities, particularly ultrasonography,respectively. Because the survival rate is favorable, it is
critical in these patients to minimize surgical complications
if possible.

Relapse-free Survival Intravascular extension of Wilms tumor is associated
with an increased frequency of surgical complications, with
an odds ratio of 2.2 by multivariate analy8irimary
nephrectomy has been recommended for patients with
Wilms tumor by the NWTS, and the surgical technique for

p—— management of intravascular extension is well estab-
lished®*°In contrast, initial chemotherapy has been used
extensively by members of the International Society of
Pediatric Oncology. A decrease in the size of the intravas-
cular extension has been reported by several authors as a
result of preoperative therapy, albeit based on limited num-
bers of patientS;*” and it has been further suggested that
preoperative therapy may decrease the risk of surgical com-

0.6

0.4

0.2
L

— Mo Extenson plications®**'The potential benefit of preoperative therapy

3 must be balanced against the disadvantages, including loss
0 2 4 6 8 10 2 of accurate staging information. In this review complica-
Relapsa-fraa Yoars tions were more frequent in the children with atrial exten-

Figure 1. Kaplan-Meier relapse-free survival curves show no differ-  SION tha}n i_n those with eXt'enS'ion |imiteq to the |VC The
ence between children with or without vascular extension (P = .32). overall incidence of complications in children with intra-
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Table 4. THREE-YEAR RELAPSE-FREE SURVIVAL OF PATIENTS WITH INTRAVASCULAR
EXTENSION BY CATEGORY

Intravascular No Intravascular
Variable Extension Extension

Stage

2 83.3 (64.5-92.7) 80.9 (77.7-83.8)

3 82.6 (70.1-90.3) 85.3 (82.2-87.8)

4 69.4 (57.4-78.7) 73.2 (68.0-77.6)
Pathologic Subgroup
Favorable histology 79.5(71.7-85.4) 84.9 (82.9-86.7)
Anaplastic histology 22.2 (8.4-51.3) 49.4 (41.1-57.1)
Clear cell sarcoma 33.3(0.9-77.4) 75.2 (69.7-85.4)
Unknown 88.9 (43.3-98.4) 70.0 (32.9-89.2)

Data are given as rate (%) with 95% confidence intervals.

vascular extension treated with primary surgery in this studyprimary resection versus preoperative chemotherapy groups
was 26%, compared with 43% in children treated withwere at the margins of statistical significance. When all
primary resection on NWTS-3In a review of the first three  complications that occurred during therapy were included,
NWTS studies, the surgical complication rate in childrenthere was no evidence that complications were less frequent
with atrial extension with primary surgery was 73%, so theamong those who received preoperative chemotherapy, re-
frequency of surgical complications is progressively declin-gardless of the level of intravascular extension. This issue
ing over time, although we cannot prove that it is due to theremains complex. Although the severity of the complica-
use of preoperative theragyThe frequency of complica- tions in the primary nephrectomy group was of greater
tions in the preoperative therapy patients in the curreninagnitude, the only death occurred in the preoperative
study was almost identical to that of the smaller cohort ofchemotherapy group. In children with extensive vascular
preoperative therapy patients reported by Ritchey €t al. jnyasion, particularly into the atrium, and with large pri-
Resolution or decrease in the extent of intravascular extenyary tumors, the best management may be primary chemo-
sion was frequently seen in our cohort of patients, as Wagerapy and delayed resection to minimize the risk of sur-
reported by Ritchey et a and Mushtaq et af? Postoper- gical complications. Improvements in the clinical care of
ative occlusion of the IVC has been previously documentyyese children over the duration of the NWTS investigations
ed” It is of note, however, that although postoperativey e resuited in a progressive decline in the frequency of
occlusion of the IVC was documeqted in 14 Ch'ldren’_onlysurgical complications. One such innovation may be the
1 had symptgms of .Iower extremity edema, and this "inclusion of preoperative chemotherapy in the care of se-
solved over time. This suggests that adequgte r_etrp.perltcrécted groups of these children.

neal collaterals develop in a child to avoid significant
complications.
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